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From the TUC Centenary Institute of Occupational Health, London School ofHygiene and Tropical Medicine, London WCIE 7HT, UK Scrotal cancer has a particular interest for students of the history of occupational medicine as it was the first malignant disease to be connected with a specific occupation when in 1775 Percivall Pott described its occurrence in chimney sweeps. ' Although it does arise spontaneously, most cases of scrotal cancer are associated with some occupational hazard. Since the eighteenth century there have been at least three major occupational groups in which the prevalence of the disease has been unusually great, chimney sweeps, those who work with the distillates of coal, and men exposed to mineral oil.
Chimney sweeps
The classic description of scrotal cancer in chimney sweeps was contained in Pott' s Chirurgical Observations. I Pott (fig 1) was the first to attribute an occupational cause to the disease but his was not the first description of the tumour itself. It is customary to give priority for the description of the disease to Bassius in 1731, but Kipling et al have questioned whether the lesion Bassius described really was carcinoma.2 They considered that the clinical condition was much more suggestive of perineal abscess formation with sinuses leading to the scrotum and they consider that the first true account of scrotal cancer was given by Treyling in 1740.
Pott was greatly moved by the plight of the patients he saw with the disease writing that: " The fate of these people seems singularly hard; in their early infancy they are most frequently treated with great brutality, and almost starved with cold and hunger; they are thrust up narrow, and sometimes hot chimneys, where they are buried, burned and almost suffocated; and when they get to puberty, become liable to a most noisome, painful, and fatal disease. " The appalling conditions to which the chimney boys were subjected were a cause of great social concern in the latter part of the eighteenth century, and in 1803 a society was formed to promote the use of mechanical means of sweeping chimneys, thus superseding the necessity for climbing boys. Boys had not been used extensively to sweep chimneys until the end of the seventeenth century, when the design of chimneys had been altered during the period of rebuilding after the Great Fire of London. The chimneys were often angular and narrow, the usual dimensions of the flue being no more than 9 x 14 inches (22-8 x 35-5 cm). The boy sweeps often climbed in the nude, propelling themselves forward by their knees and elbows which were scraped raw in the process. They were frequently 390 A brief history of scrotal cancer put up hot chimneys, sometimes even for the purpose of extinguishing chimney fires.
Chimneys with sharp angles presented a particular hazard to the climbing boys. In one of the several anonymous tracts circulated in the campaign to limit the trade, one sweep described the common outcome of putting a boy up such a chimney.3 "After passing through the Chimney and descending to the second angle in the fire-place, the Boy finds it completely filled with soot, which he has dislodged from the sides of the upright part. He endevours to get through, and succeeds in doing so, after much struggling as far as his shoulders; but finding that the soot is compressed hard all around him, by his exertions, that he can recede no farther; he then endevours to move forward, but his attempts in this respect are quite abortive; for the covering of the horizontal part of the Flue being stone, the sharp angle of which bears hard on his shoulders, and the back part of his head... prevents him from moving in the least either one way or the other. His face, already covered with a climbing cap, and being pressed hard in the soot beneath him, stops his breath. In this dreadful condition he strives violently to extricate himself, but his strength fails him; he cries and groans, and in a few minutes he is suffocated. An alarm is then given, a brick-layer is sent for, an aperture is perforated in the Flue, and the boy is extracted, but found lifeless. In a short time an inquest is held, and a Coroner's Jury returns a verdict of 'Accidental Death. ' " In 1817 the House of Commons appointed a committee to report on the employment of boys in sweeping chimneys. The committee recommended that the practice should be prohibited and mechanical means of sweeping chimneys introduced instead. The Bill putting this recommendation into effect passed through the Commons but was thrown out by the Lords after petitions against it by master chimney sweeps and by some of the agents for the fire insurance offices. Great play was made of reports of fires breaking out in chimneys which had recently been swept by mechanical means, as was the contention by the sweeps that there was no way of repairing the contorted flues other than by sending up a boy with trowel and mortar. Consequently, it was not until 1840 that an Act was passed to prohibit the sending of boys up chimneys. This Act came into effect on 1 July 1842 but the custom continued in many parts of the country for at least another 20 years. 45 Pott's account of the signs, symptoms, progress, and treatment of the disease which resulted from this terrible occupation took no more than 500 words.' It first appeared on:
"the inferior part of the scrotum; where it produces a superficial, painful, ragged, ill-looking sore, with hard 391 and rising edges ... In no great length of time, it pervades the skin, dartos, and membranes of the scrotum, and seizes the testicle, which it enlarges, hardens, and renders truly and thoroughly distempered; and whence it makes its way up the spennatic process into the abdomen, frequently indurating and spoiling the inguinal glands. When arrived within the abdomen, it affects some of the viscera, and then very soon becomes painfully destructive."
Unfortunately Pott never wrote more on the disease nor, to judge from the extant manuscript notes taken at his surgical lectures between 1767 and 1785, did he discuss it with his students. Thus Several writers remarked on the relatively late age of onset, many years after the individual had ceased climbing chimneys, when he was most exposed to soot. There were even cases in which the disease had appeared many years after the man had given up chimney sweeping altogether and was following 392 some other trade. Curling described such a case in a man who had been at sea for 19 years,9 and Henry Earle noted the disease appearing after an interval of 15 years in other work.6 This time lag was never fully explained and indeed could not have been until the concept of the latent period in tumour induction had been established in the present century.
The disease was usually preceded by the development of hyperkeratotic lesions on the scrotum, which the sweeps called soot warts. These soot warts might also develop on other parts of the body and Paget reported that he had seen sweep's "so thick-set with them that a hundred or more have been counted. "'10 It was by no means uncommon for the sweeps to treat these soot warts themselves. When one developed on the scrotum, the patient might " '5) No doubt the patients in the early part of the nineteenth century were glad to accept this treatment rather than submit to surgery, although prompt removal offered the best prospect of a cure. To the surgeon the operation was "a simple piece of dissection "' 4 "An incision was made on each side of the diseased mass, which was then dissected off from the parts beneath, so that both testicles were fully exposed; the left testicle was found adherent by its outer tunics to the diseased mass; these adhesions were next cut through, and the diseased scrotum removed. The left testicle was attentively examined; the outer tunics were found indurated and apparently diseased, so that its removal was decided upon; pressure was made on the external abdominal ring, and the cord being exposed and isolated, a ligature was slightly tied around it and its vessels, and it was divided by placing a knife underneath it and cutting outwards, the cellular connections were separated with a few touches of the knife and the testicle removed; three of the vessels on the inner part of the thigh also required to be ligatured. There was but little of the scrotum left for the covering of the testicle, the edges of it were united by six stitches; strips of adhesive plaster were applied over these, and the whole supported by a T bandage. He bore this painful operation with great fortitude."
The aetiology of the disease was subject to much speculation from the time of Pott throughout the whole of the nineteenth century. Pott was inclined to blame its origin on the lodgement of soot in the rugae of the scrotum where it gave rise to local irritation and, until the midpoint of the nineteenth cen-A brief history of scrotal cancer tury, this view was subscribed to and propagated by such authorities as Astley Cooper,'4 James and Henry Earle,68 Sands Cox,'7 and Travers."8 Later authors, however, thought that other factors were also involved. A major stumbling block in accepting the theory of simple irritation was that even among sweeps, all of whom might be presumed to be more or less equally exposed to soot, the disease was rare. Nor were the sweeps renowned for their cleanliness so that the soot would be in contact with the scrotum for long periods. Why was it then that more of them did not contract the disease? Bransby Cooper postulated that the soot acted to produce the disease only in those in whom there was already a constitutional malignant tendency. ' Butlin did not comment on the correctness of Lawson's hypothesis; he was far from convinced that there had been a real decline in the incidence of the disease. His experience at St Bartholomew's Hospital suggested that the incidence had remained at a constant, but low, rate at least during the 20 to 30 394 ."k:---,:z::: 00" 0.1. 26 The discovery of cancer in men handling tar and tar products excited a great deal of experimental work in an attempt to reproduce the effect in the laboratory. Hanau, using rats as his model, was probably the first to try, 5' but he was unsuccessful as were the many others who followed him,52 and it was not until 1914 that Yamagiwa and Ichikawa were able to produce papillomas on the ears of rabbits by the repeated application of tar. " In the next year they reported the development of carcinomatous change but confirmation of their results had to wait until the end of the first world war when an intensive search was undertaken to identify the specific carcinogens in the various coal tar fractions. Kennaway was most prominent in this work, and he produced several important papers in the 1920s and 1930s.32 54-58 He was able to show that carcinogenicity was confined to those tars which were formed at high temperatures and that there was a relationship between the boiling point of the tar and pitch distillates and their carcinogenicity such that only those fractions with the higher boiling points were biologically active. Other studies showed that the fluorescence spectra of the carcinogens from tar were similar to that of 1, 2 benzanthracene (benz(a)anthracene), although the absolute wave lengths were different. Kennaway was led by these findings to experiment with synthetic hydrocarbons. After a great deal of work he found that tumours in mouse skin could be produced by pure 1, 2, 5, 6 dibenzanthracene.56 (This compound was incorrectly identified in the original paper as 1, 2, 7, 8 dibenzanthracene; the mistake was corrected in a later paper.59) Kennaway's work was later extended by Cook, who showed that several other chemicals containing the 1, 2, 5, 6 dibenzanthracene ring system were also carcinogenic.60 Kennaway did not isolate a carcinogen from tar himself, but Cook and his colleagues isolated a highly carcinogenic crystalline compound from the distillate from two tons of pitch Wail(rot and showed this to be 3, 4 benzpyrene (benzo(a)pyrene).61
NMineral oil workers SHALE OIL WORKERS
Shale oil is a mineral oil extracted from shale by destructive distillation. It was first used to produce naptha (used as a motor fuel and as a solvent), lubricating oil, and solid paraffin from which the oil had been expressed mechanically and which was used for making candles.
The shale oil industry was established on a large scale in the early 1850s by James Young utilising the shale deposits in Scotland. The oil which was produced supplemented and finally replaced the fish and animal oils then used for lubricating machinery and it was of particular importance to the Lancashire cotton industry. After the discovery of petroleum oil, shale oil became increasingly uneconomic and by 1872 it had been replaced in the cotton mills by lubricants derived from petroleum62; it was produced in Scotland until 1962 with the help of government subsidies, however.
Cases of scrotal cancer in shale oil workers were presented to the Medico-Chirurgical Society of Edinburgh by Joseph Bell in 1876.63 Bell com- mented that if chimney sweeps' cancer was becoming rare, then:
"I believe we are to find a successor for it in a malady affecting the labourers exposed to the fumes of paraffin in shale works. " Bell was not, in fact, the first to see scrotal cancer in a shale oil worker. Kirk had seen a case in 1875, but delayed publication until 1903.6 There is some evidence that cases occurred even before this. A report in the Glasgow Medical Journal in 1879, commenting on a case of Cameron's, noted that physicians who had direct dealings with the paraffin workers had long been familiar with the disease.65 It was almost 20 years before the next case was reported66 and scrotal cancer was never common among the shale workers. Scott, for example, was able to find only 31 cases between 1900 and 1921.67 68 Although Leitch was able to show the carcinogenicity of shale oil in the laboratory,69 it was soon seen to be a less serious hazard than other kinds of mineral oil to which men were exposed.
MULE SPINNERS
Cases of scrotal cancer among the mule spinners of Lancashire came to the attention of the factory department of the Home Office from 1876 onwards,'°although the first death ascribed to the disease was not apparently registered until 1887.26
A brief historY of scrotal cancer
The first published account of the frequency with which the disease occurred in the north west was given by Morley in 1911 in a paper concerned chiefly with the anatomy of the lymphatic drainage of the scrotum. 7 Wilson was not clear how the disease was caused but he thought that it might be related to friction between the scrotum and the overalls the men wore, the slight trauma produced being aggravated by the presence of sweat and dust. As an alternative, he suggested that the grease which got on to the men's clothing might be radioactive. He did not consider exposure to oil to be a factor, and it was only much later, when a revised version of the essay was published with Southam that mineral oil was mentioned in this context. 72 Wilson's original essay was never published in its entirety, and indeed he did not retain much interest in the subject, but specialised in anaesthetics, meeting his death from self experimentation with nitrous oxide in 1927. 73 In the year after his death Brockbank and Stopford published annotated extracts from the essay, the manuscript of which is still in the possession of the University of Manchester.74
In the 1920s the disease assumed almost epidemic proportions in the cotton industry. Mineral oil was by this time well recognised as being carcinogenic and, in 1914, "Bitumen, mineral oil or paraffin or any compounds or products or residue of any of these substances" had been added to the schedule of the Workmen's Compensation Act. In 1920 notification to the Factory Inspectorate of epitheliomatous ulceration caused by the substances in the schedule and the full extent of the disease became apparent. The increase in the number of notifications in mineral oil workers (fig 6) The case against mineral oil seemed conclusive, the more so as Leitch had already shown it to be carcinogenic to mice.76 An opposite point of view, however, was taken by Robertson, the Medical Officer of Health for Darwen. He contended that the oil was not thrown off on to the faller bars which, he maintained, were free from oil; in some mills he even found them to be rusty.7778 Robertson concluded that oil found on the overalls of the cotton workers was picked up from the floor of the mill, spreading up the trouser leg by capillary action, but never high enough to come into contact with the groin. Thus it could not be implicated in the aetiology of the disease which he considered to be due to the friction between the rough overalls and the scrotum, with the blue aniline dye in the material acting as an aggravating factor. Several disadvantages in this system of classifying NC oils soon became apparent, however, the most serious being that oils which conformed to the standard were not invariably inactive and that it was possible to mix two oils, neither of which conformed to the specification, in order to produce one that did. Woodhouse and his colleagues showed that some grades of white oil were inactive in mice and later experiments showed them to be also inactive in rabbits. 9 (fig 8) .
